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In the title compound, C24H21N3S, the thiazole ring makes 
dihedral angles of 52.03 (6), 62.63 (6) and 12.35 (6)°, respec- 
tively, with the two phenyl rings and the benzene ring. In the 
crystal, weak C— H- • -it interactions occur between inversion- 
related molecules. 



Data collection 

Bruker SMART APEX CCD 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2013) 
T^ n = 0.83, T m „ x = 0.98 

Refinement 

R[F 2 > 2a(F 2 )] = 0.043 

wR(F 2 ) = 0.119 

S = 1.06 

4870 reflections 



17908 measured reflections 
4870 independent reflections 
4287 reflections with / > 2a(I) 
R inl = 0.034 



255 parameters 

H-atom parameters constrained 
Ap m ., x = 0.33 e A~ 3 
A,o min = -0.30 e A~ 3 



Table 1 

Hydrogen-bond geometry (A, °). 
Cg4 is the centroid of the C18-C23 ring. 



D— H- • A 


D—H 


H-A 


D- ■ A 


D-H-A 


C15-H15-Q4' 


0.95 


2.71 


3.6170 (16) 


160 


C16-H16.4- ■ Cg^ 


0.98 


2.77 


3.5984 (16) 


143 


Symmetry codes: (i) —x 


+ 1,-y + l. 


-z + 1; (U) 


-x + 2, -y + 1, -zH 


- 1. 



Data collection: APEX2 (Bruker, 2013); cell refinement: SAINT 
(Bruker, 2013); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
ORTEP-3 for Windows (Farrugia, 2012) and DIAMOND (Bran- 
denburg & Putz, 2012); software used to prepare material for 
publication: WinGX (Farrugia, 2012) and PLATON (Spek, 2009). 

Manchester Metropolitan University, Tulane University and 
Erciyes University are gratefully acknowledged for supporting 
this study. 



Related literature 

For the syntheses and bioactivity of thiazole-containing 
compounds, see: Siddiqui et al. (2009); Ramla et al. (2006); 
Popsavin et al. (2007); Kumar et al. (2007); Pandeya et al. 
(1999); Narayana et al. (2004); Shiradkar et al. (2007); Amin et 
al. (2008); Shih & Ying (2004); Andreani et al. (1987). 




Experimental 

Crystal data 

C2 4 H 21 N 3 S 
M r = 383.51 
Triclinic, PI 
a = 7.9370 (8) A 
b = 10.7587 (11) A 
c = 11.9325 (13) A 
a = 94.922 (2)° 
= 97.436 (2)° 



y = 95.383 (2)° 

V = 1000.95 (18) A 3 

Z = 2 

Mo Ka radiation 
ji. = 0.18 mm -1 
T = 150 K 

0.30 x 0.15 x 0.12 mm 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: XU5722). 
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(1Z,2f)-1 -(3,4-Diphenyl-2,3-dihydro-1 ,3-thiazol-2-ylidene)-2-(1 -p-tolylethyl- 
idene)hydrazine 

Shaaban K. Mohamed, Joel T. Mague, Mehmet Akkurt, Alaa A. Hassan and Mustafa R. Albayati 
Comment 

1,3-Thiazole containing compounds are a great class of sulfur heterocyclic molecules due to their vital interest in 
pharmaceutical and industrial chemistry. Numerous of synthesized active thiazole scaffold molecules having diverse of 
biologically activities have been reported (Ramla et al, 2006; Popsavin et al, 2007; Kumar et al, 2007; Pandeya et al, 
1999; Narayana et al, 2004; Shiradkar et al, 2007; Amin et al, 2008; Shih & Ying, 2004; Andreani et al, 1987). In 
addition, thiazole compounds have not only found in natural molecules such as Thiamin (vitamin Bl) but also have been 
found in many drugs such as Abafungin (antifungal drug), Bleomycine and Tiazofurin (antineoplastic drug), Ritonavir 
(antiretro viral drug) and Sulfathiazol (antimicrobial drug) (Siddiqui et al, 2009). 

In the title compound (I), (Fig. 1), the (S1/N1/C1-C3) thiazole ring is essentially planar with a maximum deviation of 
-0.006 (1) A for C2. The dihedral angles between the thiazole ring, and the phenyl rings (C4-C9 and C10-C15) and the 
benzene ring (C18— C23) are 52.03 (6), 62.63 (6) and 12.35 (6)°, respectively. 

In the crystal structure, the title molecules pack in a layer structure with the layers approximately parallel to [101] and 
held together by a combination of C — H— S hydrogen bonds (Table 1 and Fig. 2) and C — H—tc interactions (Fig. 3: 
H15-C&1 = 2.71 A; C15— H15-Cgl = 160° and H16a-Cg2 = 2.77 A; C16— H16a-Cg2 = 143° where Cgl is the 
centroid of the ring C 1 8-C23 at 1 - x, 1 - y, 1 - z and Cgl is the centroid of the ring C 1 8-C23 at 2 - x, 1 - y, 1 - z). 

Experimental 

A solution of 283 mg (1 mmol) (2E)-2-[l-(4-methylphenyl)ethylidene]-7V-phenylhydrazinecarbothioamide in 15 ml e 
thanol was added dropwise to a solution of 199 mg (1 mmol) 2-bromo-l-phenylethanone in 20 ml e thanol and few drops 
of piperidine. The reaction mixture was stirred and refluxed for 6 h. On cooling the solid product was precipitated, 
filtered off and recrystallized from ethanol to furnish translucent yellow blocks (M.p. 509 - 511 K) suitable for X-ray 
diffraction. 

IR [v, cm ',KBr]: 3052 (Ar— CH), 2941, 2863 (Ali - CH), 1594 (Ar— OC), 1350(C=S); 'H- NMR [S, p.p.m., CDC1 3 ]: 
1.26, 1.65, 1.94 and 2.20 (10H, cyclohexane - CH 2 ), 7.707,7.51, 7.55 (SH, Ar-H); "C-NMR [3, p.p.m., CDCT]: 23.58, 
24.52 and 33.90 (cyclohexane- CH 2 ), 112.19 (spiro Cxb), 127.81, 129.87, 130.22 (Ar- CH), 135.07 (Ar-c), 187.83 (OS). 

Refinement 

H atoms were placed in geometrically idealized positions and constrained to ride on their parent atoms with C — H = 0.95 
(aromatic H) and 0.98 A (methyl H), with £/ iS0 (H) = 1.2 U, S0 (C) for aromatic H atoms and C/ iso (H) = 1.5 U iso (C) for methyl 
H atoms. 
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Computing details 

Data collection: APEX2 (Broker, 2013); cell refinement: SAINT (Bmker, 2013); data reduction: SAINT (Bruker, 2013); 
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL97 
(Sheldrick, 2008); molecular graphics: ORTEP-3 for Windows (Farrugia, 2012) and DIAMOND (Brandenburg & Putz, 
2012); software used to prepare material for publication: WinGX (Farrugia, 2012) and PLATON (Spek, 2009). 




Figure 2 

Closeup view (down b) of the C — W - n interactions. 
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(1Z,2f)-1-(3,4-Diphenyl-2,3-dihydro-1,3-thiazol-2-ylidene)-2-(1-p-tolylethylidene)hydrazine 



Crystal data 

C24H21N3S 
M r = 383.51_ 
Triclinic, PI 
Hall symbol: -P 1 
a = 7.9370 (8) A 
b= 10.7587 (11) A 
c= 11.9325 (13) A 
a = 94.922 (2)° 
p = 97.436 (2)° 
7 = 95.383 (2)° 
V= 1000.95 (18) A 3 

Data collection 

Bruker SMART APEX CCD 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
<p and co scans 

Absorption correction: multi-scan 

(SADABS; Bruker, 2013) 
T mm = 0.83, r mlix = 0.98 

Refinement 

Refinement on F 2 

Least-squares matrix: full 

R[F > 2o-( J F 2 )] = 0.043 

wR(F 1 ) = 0.119 

S = 1.06 

4870 reflections 

255 parameters 

0 restraints 



Z=2 

7^(000) = 404 

D x = 1.273 MgnT 3 

Mo ATot radiation, 1 = 0.71073 A 

Cell parameters from 9946 reflections 

(9 = 2.5-29.1° 

/i = 0.18 mm" 1 

T= 150K 

Block, translucent yellow 
0.30 x 0.15 x 0.12 mm 



17908 measured reflections 
4870 independent reflections 
4287 reflections with I > 2o(I) 
A int = 0.034 

^max 28.2 , 0 m [n 2.5 

h = -10->10 
/t = -14_>13 

/ = -15— 15 



Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
W = 1/[£ 2 (TO 2 ) + (0.0663P) 2 + 0.2395P] 

WHERE P = (TO 2 + 2TO 2 )/3 
(A/(7) max < 0.001 
Ap max = 0.33 e A~ 3 
Apmm = -0.30 e A" 3 



Special details 

Experimental. The diffraction data were obtained from 3 sets of 400 frames, each of width 0.5° in co, colllected at <p = 
0.00, 90.00 and 180.00° and 2 sets of 800 frames, each of width 0.45° in <p, collected at co = -30.00 and 210.00°. The scan 
time was 20 sec/frame. 

Geometry. Bond distances, angles etc. have been calculated using the rounded fractional coordinates. All su's are 
estimated from the variances of the (full) variance-covariance matrix. The cell e.s.d.'s are taken into account in the 
estimation of distances, angles and torsion angles 

Refinement. Refinement on F 1 for ALL reflections except those flagged by the user for potential systematic errors. 
Weighted 7?-factors wR and all goodnesses of fit S are based on F 2 , conventional 7?-factors R are based on F, with F set to 
zero for negative F 2 . The observed criterion of F 2 > aiF 2 ) is used only for calculating -7?-factor-obs etc. and is not 
relevant to the choice of reflections for refinement, ^-factors based on F 2 are statistically about twice as large as those 
based on F, and ^-factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 



y 



11; *IIJ 



Si 

Nl 
N2 



0.39566 (4) 
0.40562 (13) 
0.58080 (15) 



0.41513 (3) 
0.65478 (10) 
0.59963 (11) 



0.16060 (3) 
0.15561 (9) 
0.31261 (10) 



0.0296 (1) 
0.0266 (3) 
0.0320 (3) 
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Atomic displacement parameters (A 2 ) 
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0.0002 (5) 


0.0068 (6) 


0.0031 (6) 


C9 


0.0300 (6) 


0.0275 (6) 


0.0300 (6) 


-0.0030 (5) 


0.0043 (5) 


-0.0008 (5) 


CIO 


0.0234 (5) 


0.0276 (6) 


0.0260 (6) 


-0.0037 (4) 


-0.0022 (4) 


-0.0004 (5) 


Cll 


0.0292 (6) 


0.0315 (7) 


0.0258 (6) 


-0.0018 (5) 


0.0006 (5) 


0.0007 (5) 


C12 


0.0333 (7) 


0.0338 (7) 


0.0369 (7) 


-0.0064 (5) 


-0.0017 (6) 


0.0071 (6) 


C13 


0.0401 (8) 


0.0297 (7) 


0.0491 (9) 


-0.0065 (6) 


-0.0044 (6) 


-0.0044 (6) 


C14 


0.0436 (8) 


0.0439 (9) 


0.0404 (8) 


-0.0039 (7) 


0.0045 (6) 


-0.0158(6) 


C15 


0.0331 (7) 


0.0413 (8) 


0.0306 (7) 


-0.0064 (6) 


0.0059 (5) 


-0.0057 (6) 


C16 


0.0362 (7) 


0.0374 (7) 


0.0252 (6) 


-0.0020 (6) 


0.0002 (5) 


0.0017(5) 


C17 


0.0236 (5) 


0.0349 (7) 


0.0240 (6) 


-0.0047 (5) 


0.0021 (4) 


0.0024 (5) 


C18 


0.0235 (6) 


0.0380 (7) 


0.0225 (6) 


-0.0024 (5) 


0.0041 (5) 


0.0035 (5) 


C19 


0.0313 (6) 


0.0379 (7) 


0.0248 (6) 


-0.0064 (5) 


0.0009 (5) 


0.0030 (5) 


C20 


0.0291 (6) 


0.0480 (8) 


0.0256 (6) 


-0.0024 (6) 


0.0001 (5) 


0.0085 (6) 


C21 


0.0317(7) 


0.0482 (8) 


0.0301 (7) 


0.0097 (6) 


0.0088 (5) 


0.0077 (6) 


C22 


0.0386 (7) 


0.0406 (8) 


0.0321 (7) 


0.0076 (6) 


0.0068 (6) 


-0.0027 (6) 


C23 


0.0317(6) 


0.0414 (8) 


0.0235 (6) 


0.0031 (5) 


0.0009 (5) 


-0.0024 (5) 


C24 


0.0609(11) 


0.0606(11) 


0.0427 (9) 


0.0267 (9) 


0.0043 (8) 


0.0063 (8) 



Geometric parameters (A, ") 



SI— CI 


1.7447 (13) 


CI 9— C20 


1.385 (2) 


SI— C3 


1.7559 (13) 


C20— C21 


1.383 (2) 


Nl— C2 


1.4074(16) 


C21— C22 


1.402 (2) 


Nl— C3 


1.3823 (16) 


C21— C24 


1.505 (3) 


Nl— CIO 


1.4328 (17) 


C22— C23 


1.378 (2) 


N2— N3 


1.3983 (17) 


CI— HI 


0.9500 


N2— C3 


1.2894(17) 


C5— H5 


0.9500 


N3— C17 


1.2946(17) 


C6— H6 


0.9500 


CI— C2 


1.3381 (18) 


C7— H7 


0.9500 


C2— C4 


1.4762 (18) 


C8— H8 


0.9500 


C4— C5 


1.3938 (18) 


C9— H9 


0.9500 


C4— C9 


1.3986(18) 


Cll— HI 1 


0.9500 


C5— C6 


1.390 (2) 


C12— H12 


0.9500 


C6— C7 


1.383 (2) 


C13— H13 


0.9500 


C7— C8 


1.387 (2) 


C14— H14 


0.9500 


C8— C9 


1.384 (2) 


C15— H15 


0.9500 
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pi 1 n pi 1 

CIO — Cll 


1 1 Ol A ( 1 0\ 

1.3834 (18) 


P 1 /_ TT1 /- * 

Clo — HloA 


n nonn 

0.9800 


pi i (\ r~y 1 r 

CIO — C15 


1 o o/:o / 1 n\ 

1.3868 (19) 


p i /_ tt 1 p r> 

Clo — HloB 


n nonn 

0.9800 


nil p | r\ 

Cll — C12 


1 i n 1 /i\ 

1.391 (2) 


p | / TT 1 P p 

C16 — H16C 


n nonn 

0.9800 


C12 — C13 


1 no /o\ 

1.378 (2) 


/■in t t 1 a 

C19 — H19 


0.9500 


C13— C14 


1.391 (2) 


C20— H20 


0.9500 


C14— C15 


1.382 (2) 


C22— H22 


0.9500 


p i p p i -T 

C16 — C17 


1 yl flAA / 1 Pi\ 

1.4990 (19) 


PTl TTI I 

C23 — H23 


n ncnn 

0.9500 


C17 — C18 


1 A Of\A / 1 Pi\ 

1.4804 (19) 


p ^) /I TT1 /I A 

Cz4 — Hz4A 


n nonn 

0.9800 


/"< 1 o pi n 

cio — ciy 


1 i nn/r / 1 o\ 

1.3996 (18) 


p ^) /l TT1 /I TJ 

Cz4 — Hz4B 


n nonn 

0.9800 


C18 — C23 


1 i nn /i \ 

1.399 (2) 


p ^> /( TT1 /l/^ 

C24 — H24C 


n nonn 

0.9800 


CI — SI — C3 


pvpi r 1 ^ /P\ 

90.54 (6) 


SI — CI — HI 


124.00 


P ~) \T1 P ' "> 

C2 — Nl — C3 


i i ^ r\/: f i n\ 

113.96 (10) 


/"'I P'" 1 TT 1 

Cz — CI — HI 


11/1 nn 

124.00 


P -\ XT 1 pi A 

C2 — Nl — CIO 


11/1 o i /i 1 \ 

124.82 (11) 


p a PC TTC 

C4 — C5 — H5 


1 in nn 

120.00 


p • i-t \ti p • -i r\ 

C3 — Nl — CIO 


nn / 1 pi\ 

120.84 (10) 


C6 — C5 — H5 


120.00 


XTO \T1 P -) 

N3 — N2 — C3 


1 1 A A/| / 1 1 \ 

110.94 (11) 


C5 — C6 — H6 


120.00 


XT1 XTO pn 

N2 — N3 — C17 


i i ^ pin / 1 1 \ 

113.90 (11) 


p -7 pi p TTjC 

C7 — C6 — H6 


1 in nn 

120.00 


ni p 1 P^ 

SI — CI — C2 


111 oi / 1 n\ 

112.82 (10) 


/'/ PT T n 

C6 — C7 — H7 


1 in nn 

120.00 


XT 1 /~1 f\ p -i 

Nl — C2 — CI 


111 T /" /I 1 \ 

112.76 (11) 


PO P~1 ^ T T -7 

C8 — C7 — H7 


120.00 


XT 1 P 1 P yl 

N 1 — Cz — C4 


1 in /. n /i i \ 

120.69 (11) 


p ^ PO TTO 

C7 — C8 — H8 


1 in nn 

120.00 


p 1 pi P y| 

LI — Cz — C4 


nc c\z / 1 1 \ 

125.95 (11) 


r*T\ po TTO 

C9 — C8 — H8 


1 OA AA 

120.00 


CM /"'I XT 1 

SI — C3 — Nl 


1 nn p\ 1 /n\ 

109.91 (9) 


/' a pn t in 

C4 — C9 — H9 


1 in nn 

120.00 


SI — C3 — N2 


1 lO l\ 1 / 1 P\\ 

128.02 (10) 


pn p~> pv TTn 

C8 — C9 — H9 


120.00 


XT1 /" 1 '> XT1 

Nl — C3 — N2 


in m / 1 i\ 

lzz.07 (lz) 


pi A pi 1 TT11 

C10 — Cll — Hll 


1 in nn 

120.00 


po a p c 

C2 — C4 — C5 


111 i z: / 1 1 \ 
lzl.zo (11) 


pn pi 1 TT11 

Clz — Cll — Hll 


1 OA AA 

120.00 


/~i1 /~i /I PPi 

C2 — C4 — C9 


i i a c o / 1 1 \ 

119.58 (11) 


p 1 1 p 1 ^ T T 1 1 

Cll — C12 — H12 


120.00 


p • r p /I PPi 

C5 — C4 — C9 


i i n ni / 1 i \ 

119.02 (12) 


p 1 -) p 1 T T 1 1 

C13 — C12 — H12 


120.00 


p /l PC p P 

C4 — C5 — Co 


1 in nn / 1 1\ 

120.09 (12) 


pn p 1 0 tti 7 

Clz — C13 — H13 


1 in nn 

120.00 


pc r^t: fi 

C5 — Co — C7 


120.45 (13) 


p ^ 1 A P11 TTI 1 

C14 — C13 — H13 


1 OA AA 

120.00 


p < p PT PO 

C6 — C7 — C8 


1 1 9.83 (13) 


P J -) p 1 ^ TTI yl 

C13 — C14 — H14 


120.00 


p -7 PO /"~" pv 

C7 — C8 — C9 


iin 11 /i t\ 

120.12 (13) 


p-i -i f p 14 T T 1 /I 

C15 — C14 — H14 


120.00 


p a pn p o 

C4 — C9 — C8 


iin /n / 1 1\ 

lz0.47 (lz) 


pi/i P 1 C TT 1 C 

C10 — C15 — H15 


1 OA AA 

120.00 


xt 1 pin pi i 

Nl — CIO — Cll 


1 1 n on /1 1 \ 

119.80 (11) 


C14 — C15 — H15 


1 OA AA 

120.00 


XT 1 /" 1 pv p 1 r 

Nl — CIO — C15 


1 1 A ,11 / 1 1 \ 

119.42 (12) 


pi -1 ^ p 1 /" T T -1 p * 

C17 — C16 — H16A 


109.00 


p -1 1 p 1 pv p 1 r- 

Cll — CIO — C15 


1 in to /1 i\ 

120.78 (12) 


p> -i ^ p 1 /- t t 1 p r> 

C17 — C16 — H16B 


109.00 


pi a pi i pn 

C1U — Cll — Clz 


A ~\ C\ 1 A /I 1\ 

119.J4 (lz) 


C17 — C16 — H16C 


1 nn nn 

109.00 


pi i pn p i "> 

Cll — Clz — C13 


lift 11 /I T\ 

120.31 (13) 


tti p * C ' 1 /- TT1zlT~> 

HloA — Clo — HloB 


1 nn nn 

109.00 


C12 — C13 — C14 


i i a on / 1 A \ 

119.87 (14) 


T T 1 /" A p ^ 1 p t T 1 /" P ^ 

H16A — CI 6 — H16C 


109.00 


P i •-> p i /i p i r 

C13 — C14 — C15 


iinoi / 1 c \ 

120.31 (15) 


T T 1 / Fl P 1 P T T 1 PP"" 1 

H 1 6B — C 1 6 — H 1 6C 


109.00 


pi A pi f pi /I 

CIO — C15 — C14 


1 1 A >f C /1 1\ 

119.35 (13) 


nin pin TT1 H 

C18 — C19 — H19 


1 1 n nn 

119.00 


XT') pn p i a 

N3 — C17 — Clo 


ii/i n f 1 1\ 

124.23 (lz) 


p 0 n pin tti n 

CzO — C19 — H19 


1 1 A AA 

119.00 


XTO /~1 i ^7 p 1 o 

N3 — C17 — CI 8 


i i /■ OP / 1 1 \ 

116.36 (12) 


Pin /^in TTin 

C19 — C20 — H20 


119.00 


pip P 1 "7 P10 

Clo — C17 — C18 


1 1 n *) *7 / 1 1 \ 

119.37 (11) 


/"<i 1 /^in TTin 

C21 — C20 — H20 


1 1 n nn 

119.00 


pin 

C 1 / — C 1 8 — C 1 9 


111 t<; /i t\ 

lzl.zo (lz) 


po 1 poo tjtoo 
C2 1 — Czz — Hzz 


1 1 A AA 
1 19.00 


CI 7— CI 8— C23 


121.15 (11) 


C23— C22— H22 


119.00 


CI 9— CI 8— C23 


117.54(12) 


CI 8— C23— H23 


119.00 


CI 8— CI 9— C20 


121.03 (13) 


C22— C23— H23 


120.00 


CI 9— C20— C21 


121.36(13) 


C21— C24— H24A 


109.00 


C20— C21— C22 


117.72(14) 


C21— C24— H24B 


109.00 
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poa ni p o a 

C20 — C2 1 — C24 


1 OA Ol ft OA 

120.83 (13) 


C2 1 — C24 — H24C 


1 AA AA 

109.00 


POO pti P O /I 

C22 — C2 1 — C24 


121.45 (15) 


TTO/1 A A TTO /IT) 

H24A — C24 — H24B 


1 1 A AA 

110.00 


fin poo 

Cz 1 — Czz — C23 


ni ot / 1 /i \ 

121.27 (14) 


TTO/1 A PO A TTO/1P 

H24A — C24 — H24C 


1 AH AA 

109.00 


1 o riTi poo 

C 1 o — C23 — Czz 


ill AO /1 OA 

121.02 (12) 


H24B — C24 — H24C 


1 A A AA 

109.00 


PO C" 1 P 1 po 

C3 — S 1 — C 1 — C2 


A A A / 1 1 \ 

-0.49 (11) 


C • "\ a PA PO 

C2 — C4 — C9 — C8 


1 H A A £ f 1 OA 

-174.46 (12) 


LI — SI — C3 — Nl 


a o 1 /a\ 

-0.21 (9) 


C5 — C4 — C9 — C8 


1 0 /o\ 

1.3 (2) 


p 1 C1 P ~> XTO 

CI — SI — C3 — Nz 


1 "7 A A /I / 1 O \ 

179.04 (13) 


C4 — C5 — C6 — C7 


1 A /OA 

-1.0 (2) 


PO \T1 PO P* 1 

C3 — JN 1 — Cz — CI 


—1.24 (15) 


Cj — Co — C / — C8 


A O ZO\ 

0.8 (2) 


P o xti r"i P /i 

C3 — N 1 — C2 — C4 


170.45 (11) 


/ < /_ /" ' -7 PO PA 

C6 — C7 — C8 — C9 


A C /OA 

0.5 (2) 


C 1 0 — JN 1 — C2 — C 1 


171.65 (11) 


C 7 — C 8 — C 9 — C4 


1 z: /o\ 

-1.6 (2) 


C 1 0 — N 1 — C2 — C4 


-16.66 (18) 


XT1 P1A nil P10 

Nl — C10 — Cll — C12 


i no / 1 o\ 

178.63 (12) 


Cz — N 1 — L-3 — SI 


A OA fW 1 \ 

0.84 (13) 


pi f P1A PI 1 PIO 

C 1 j — C 1 0 — C 1 1 — C 1 2 


1 0 /o\ 

-1.2 (2) 


/"^ XT 1 t~"~t XTT 

C2 — N 1 — C3 — N2 


no /it /i i\ 

—178.47 (12) 


XT 1 P1A p 1 C P1/1 

N 1 — C 1 0 — C 1 5 — C 1 4 


.15 (13) 


CIO — Nl — 03 — SI 


1 TO IT /A\ 

-172.37 (9) 


P 1 1 P 1 A P 1 C P 1 /I 

Cll — C10 — C15 — C14 


2.1 (2) 


riift XT 1 /~i O XTO 

CIO — N 1 — Ci — JNz 


8.33 (18) 


P1A P11 PIO PIO 

C10 — Cll — C12 — C13 


A /OA 

-0.6 (2) 


P o xt 1 pin pi i 

Cz — JN 1 — C 1 0 — C 1 1 


—58.30 (1 /) 


pi 1 pio p 1 "> piyi 
Cll — C12 — C13 — C14 


1 c /o\ 

1.5 (2) 


PO XT 1 P 1 A P 1 C 

Cz — N 1 — C 1 0 — C 1 5 


111 c A { 1 A\ 

121.54 (14) 


PIO PIO P1/1 P1C 

C 1 2 — C 1 3 — C 1 4 — C 1 5 


-0.6 (2) 


f ' r\ XT 1 PI 1 f\ f ^ 1 1 

C3 — Nl — CIO — Cll 


11/1 /1/1\ 

114.13 (14) 


P 1 O P 1 /I P 1 C P 1 A 

C13 — C14 — CI 5 — C10 


-1.2 (2) 


p -> XT1 P1A P 1 C 

C3 — Nl — CIO — C15 


-66.03 (16) 


XTO pn pio P1A 

N3 — CI 7 — CI 8 — C19 


i CO \ A /10\ 

168.14 (12) 


XTO XTT m 

C3 — Nz — N 3 — CI / 


—164.53 (lz) 


XT'? rn pin 

N3 — CI / — CI 8 — Cz3 


—9.15 (18) 


XT'? \n /"•") c 1 

N3 — N2 — C3 — SI 


2.76 (17) 


rti / nn r^io pin 

C 1 6 — C 1 7 — C 1 8 — C 1 9 


A A 1 / 1 0\ 

-9.91 (18) 


XTO XTO P ") XT 1 

N3 — N2 — C3 — N 1 


-178.07 (11) 


P 1 /" P 1 T P 1 O PO O 

C 1 6 — C 1 7 — C 1 8 — C23 


1 TO OA /10\ 

172.80 (12) 


XTO TvTT P 1 1 P 1 /- 

N2 — N3 — CI 7 — Clo 


O £. A / 1 G\ 

2.60 (18) 


p 1 -7 pio P1A POA 

C 1 7 — C 18 — CI 9 — C2 0 


1 n A 0*7 / 1 OA 

-174.87 (12) 


xto xt^ rn no 
N z — N 3 — C 1 / — C 1 8 


1 7C T A /I 1 \ 

— 1 /D.34 (11) 


r"il pio pin pin 

Cz3 — C 1 8 — C 1 9 — CzO 


z.51 (19) 


CM /~1 1 PO XT1 

SI — CI — C2 — Nl 


1 A/' / 1 A\ 

1.06 (14) 


P 1 1 P 1 O PO ") P O O 

C 1 7 — C 1 8 — C23 — C22 


1Tf/ CC /1 T\ 

175.55 (13) 


S 1 — C 1 — C2 — C4 


1 11 / 1 A\ 

-170.11 (10) 


P 1 A P 1 O PO 1 POO 

C 1 9 — C 1 8 — C23 — C22 


-1.8 (2) 


xji pT p/1 ft 
IN 1 V^yZ 




v 1 0 1 y LZU v^z 1 


— 1 1 (i\ 
1.1 (z; 


Nl— C2— C4— C9 


-48.28 (17) 


CI 9— C20— C21— C22 


-1.1 (2) 


CI— C2— C4— C5 


-53.44 (19) 


CI 9— C20— C21— C24 


178.69 (15) 


CI— C2— C4— C9 


122.24(15) 


C20— C21— C22— C23 


1.8 (2) 


C2— C4— C5— C6 


175.69(12) 


C24— C21— C22— C23 


-178.01 (15) 


C9 — C4 — C5 — C6 


0.0 (2) 


C2l — C22 — C23 — CI 8 


-0.3 (2) 


Hydrogen-bond geometry (A, °) 








Cg4 is the centroid of the CI 8-C23 ring. 








D—n-A 


D — H 


R-A D-A 


D—n-A 


C16— H16S-S1' 


0.98 


3.03 4.0031 (14) 


175 


CI 6— H16C-N2 


0.98 


2.28 2.7053 (18) 


105 


C15— H15"Cg4' 


0.95 


2.71 3.6170(16) 


160 


C16— H16^-Cg4" 


0.98 


2.77 3.5984 (16) 


143 



Symmetry codes: (i) -x+\, —y+i, —z+l; (ii) —x+2, —y+l, — z+1. 
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